report that the polyphenol curcumin improves cognition and mood in a rat model of GWI, potentially by increasing the expression of antioxidant genes and by reversing the effects of chronic combined acetylcholinesterase inhibitor exposure on neuroinflammation, mitochondrial respiration and hippocampal neurogenesis. This preclinical work is encouraging for our veterans who suffer chronically from GWI as well as for developing strategies to protect our troops during future deployments in similar environments.
report that the polyphenol curcumin improves cognition and mood in a rat model of GWI, potentially by increasing the expression of antioxidant genes and by reversing the effects of chronic combined acetylcholinesterase inhibitor exposure on neuroinflammation, mitochondrial respiration and hippocampal neurogenesis. This preclinical work is encouraging for our veterans who suffer chronically from GWI as well as for developing strategies to protect our troops during future deployments in similar environments.
Ó 2018 Elsevier Inc. All rights reserved.
Brief commentary
A significant proportion (25-32%) of multinational coalition Veterans returned home from Operation Desert Storm/Desert Shield -the Gulf War -with a devastating chronic syndrome that was eventually coined 'chronic multisymptom illness' or 'Gulf War Illness' (GWI) for review see (Janulewicz et al., 2017; Nettleman, 2015; White et al., 2016) . Given the heterogeneity of symptoms among case studies, the National Academy of Sciences Institute of Medicine has only recently recommended the adoption of both a more clinical GWI definition developed by the Centers for Disease Control and Prevention (CDC) and a more research-focused definition developed by the state of Kansas. The CDC definition requires the self-report of one or more symptoms lasting more than six months from at least two of three symptom categories that include fatigue, musculoskeletal pain and mood/cognition. The Kansas definition requires moderate levels of self-reported symptoms in at least three of six categories that include fatigue/sleep, somatic pain, neurological/cognitive/mood, respiratory, gastrointestinal symptoms and skin symptoms. The etiology of GWI is hypothesized to be mainly chronic exposure to multiple acetylcholinesterase inhibitors that include the nerve gas prophylactic pyridostigmine bromide and the pesticides permethrin (PM) and N, N-diethyl-m-toluamide (DEET). Factors such as chronic smoke, environmental toxin and combat exposure may also contribute to the disease. Research into the etiology of and treatment for GWI is critical for improving quality of life for our Gulf War Veterans as well as for protecting our troops during future deployments in similar environments.
Some groups have managed, despite the very recent recognition of GWI and the adoption of GWI definitions, to pioneer a preclinical GWI model for review see (Abdullah et al., 2011; Parihar et al., 2013) . In this model, rodents exposed to pyridostigmine bromide, PM and DEET (with or without exposure to stressors) for several weeks exhibit impaired behavior in tests of cognition, anxiety and motor function, myalgia, markers of neuroinflammation and dysregulated lipid metabolism, cell-mediated immunity and humoral immunity for review see (Abdullah et al., 2011; Nutter et al., 2015; Parihar et al., 2013) . These effects can be observed weeks or months after exposure with some effects appearing more latently than others (for example, memory impairments on some tasks are delayed). These symptoms approximate those reported most often by Gulf War Veterans remarkably well and appear to fit the CDC and Kansas GWI definitions. Of course, Veterans with GWI have suffered for more than 25 years and whether rodents eventually spontaneously recover from some or all the effects of combined acetylcholinesterase inhibitor exposure remains to be tested. Nonetheless, Kodali and colleagues (2018) ; (one of the
